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Objective: This study aims to investigate the possible cause of a prenatal case of hemivertebrae with a 7q
terminal deletion.
Case Report: This case describes a fetus with hemivertebrae in thoracic vertebrae as the sole antenatal
sonographic ﬁnding. Genetic testing was performed in order to ﬁnd more information after the abnormal
ultrasound ﬁnding. The array-based comparative genomic hybridization results showed that the fetus
had approximately 6.4 Mb deletion of 7q36. We discussed the two genes (SHH and HLXB9) that may be
associated with hemivertebrae in the deletion region and reviewed several literatures about 7q36
deletion.
Conclusion: Our results suggest that the phenotype of hemivertebra in our case may be related to the
deletion of 7q36.
Copyright © 2016, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).Introduction
Hemivertebra is a congenital vertebral abnormality occurring
in 1e10/1000 births [1]. In most cases, it is sporadic and can be
identiﬁed as an isolated disorder or a phenotypic manifestation
of a syndrome. It is easily detected by prenatal ultrasound, and
is usually accompanied by central nervous system abnormalities
or skeletal abnormalities. Neonates with nonisolated hemi-
vertebrae are more often delivered before term and have higher
mortality rates [2]. Even isolated cases can cause growth re-
striction. The progression of hemivertebra is variable. The mo-
lecular biological analysis of hemivertebra can facilitate the
identiﬁcation of additional undetected malformations. Thective Medicine of Guangdong
of Guangdong Province, Key
gdong Higher Education In-
, The Third Afﬁliated Hospital
3#, Guangzhou, Guangdong
n).
bstetrics & Gynecology. Publishedantenatal diagnosis of hemivertebrae allows the early diagnosis
and the planning of postnatal interventions to achieve an
optimal outcome.
Several cases have been reported in the literature on patients
with 7q36 deletion and their common phenotypic features,
including craniofacial malformations such as holoprosencephaly,
microcephaly, unusual facial features, cardiac anomalies, or
Currarino syndrome [3e5]. However, most of them are postnatal
and have several malformations rather than a solitary hemi-
vertebra. In this report, we described the sole phenotypic
ﬁnding of hemivertebrae in a fetus with a deletion of 7q36
detected by array-based comparative genomic hybridization
(array-CGH). Our results suggest that the 7q deletion may cause
this fetal abnormality, which can be corroborated by previous
studies.Case Report
This case involves a fetus with hemivertebrae. Ultrasound
showed the presence of scoliosis with a triple curvature in the fetal
thoracic vertebrae, spinal stenosis, and missing right vertebralby Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND license
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terminate pregnancy at the end of the 23rd week and refused fetal
autopsy. The pregnancy was uneventful and without exposure to
harmful substances. This was her ﬁrst pregnancy, and there was no
history of previous abortions. The mother was 28 years old and the
father was 29 years old. They were healthy and non-
consanguineous. There was no proband and no family history of
congenital malformations. Therefore, after the hemivertebrae were
detected by fetal ultrasound, the parents chose to receive amnio-
centesis to obtain amniotic ﬂuid for both cytogenetic analysis and
array-CGH in order to know more about its origin.
Conventional cytogenetic analysis
Chromosome analysis was performed according to standard G-
banding high-resolution techniques. A total of 10 mL of amniotic
ﬂuid was collected by amniocentesis with informed consent.
Amniocytes were cultured. The cultured amniocytes were har-
vested, and the resulting karyotypes were analyzed at a resolution
of 550 bands. The whole process was performed according to
standard amniocyte culture operating protocols. The cytogenetic
analysis of the fetus showed a terminal deletion of chromosome 7.
The karyotype of the fetus was 46,XX,del(7)(q36)dn (Figure 2).
The parental karyotypings were analyzed to rule out malse-
gregation in a translocation heterozygote involving chromosomeFigure 1. Ultrasound of the fetus showing hemivertebrae: (A) sagittal plane and (B)
coronal plane.7q. Peripheral blood (5 mL) was collected from each parent. Lym-
phocytes were cultured. The cultured lymphocytes were harvested,
and the resulting karyotypes were analyzed at a resolution of 550
bands according to standard operating protocols. The parents'
karyotype results were normal.
Array-CGH analysis
To more precisely deﬁne the deletion breakpoint and the genes
located within the deleted chromosomal region, we performed an
extensive array-CGH analysis. In addition, to ﬁnd whether that
microdeletion comes from its parents, we also collected the par-
ents' peripheral blood for array-CGH. Amniotic ﬂuid (10 mL) was
collected at 22 weeks of gestation by amniocentesis. Peripheral
blood (5 mL) was collected from each parent. Genomic DNA was
extracted from the uncultured fetal amniocytes and the peripheral
blood using the QIAamp Genomic DNA blood Mini Kits (Qiagen,
Hilden, Germany). The DNA samples (1000 ng per sample) were
heated by fragmentation, labeled, and hybridized to the Agilent
4  44k microarray (Agilent Technologies, Inc., Santa Clara, CA,
USA) according to the standard protocol. The datawere analyzed by
Agilent CytoGenomics, version 2.7.22.0.
The array-CGH results of fetal sample shows arr[hg19]
7q36.1q36.3(150,915,999e157,332,012)  1 dn (Figure 3). It means
approximately 6.4 Mb terminal deletion of the long arm of chro-
mosome 7, corresponding to the segment between the linear
sequence locations 150,915,999 and 157,332,012, using UCSC hg19/
NCBI Build 37. No other clinically signiﬁcant copy number varia-
tions were detected in this fetus, and no similar deletion in this
region was detected in the parents. Therefore, the deletion of 7q in
the fetus was de novo.
Real-time quantitative PCR
To conﬁrm the array-CGH results, we designed a pair of speciﬁc
primers for the SHH gene. The primers were designed according to
USCS (hg18/NCBI Build 36) complementary to exon 2 of the SHH
gene as follows:
Left primer, 50-CGCCTTTGCTTTCTGTGG-30
Right primer, 50-GGCTTCCCTACTTGTCTCCTAA-30
A total of 2 mL DNA/sample was used for polymerase chain re-
action (PCR) with the SYBR Select Master Mix (Life Technologies,
Inc., California, USA). Real-time quantitative PCR experiments were
performed by the Applied Biosystems StepOnePlus system (Life
Technologies, Inc., California, USA) according to the standard
protocol.
Real-time quantitative PCR results of the parents were normal
and those of the fetus showed the deletion (Figure 4). The results of
real-time quantitative PCR conﬁrm the array-CGH results.
Discussion
Hemivertebra is a rare congenital spinal malformation. The
absence of one of the two chondriﬁcation centers results in a uni-
lateral absence of half of the vertebral body and the neural arch [1].
It may affect single or multiple vertebrae, and can result in scoliosis,
thoracic deformity, and even abnormal development of the heart
and lungs. The etiology of hemivertebra is unknown. It seriously
affects the physical appearance of patients, their spinal function,
and their cardiopulmonary function. Severe hemivertebra has been
reported in association with some genetic syndromes, such as
JarchoeLevin syndrome, KlippeleFiel syndrome, and Vertebral
anomalies, Anal atresia, Cardiac defects, Tracheoesophageal ﬁstula
Figure 2. Karyotype of the fetus. G-banded genotyping; the arrow indicates the region with the deletion.
Figure 3. aCGH data analysis of the fetus. The red and blue dots represent the ﬂuorescence signal of the sample and reference. The red region shows that there is a deletion at
7q36.1-q36.3. In the right side of the ﬁgure, we can also see that the deletion region includes many genes. aCGH ¼ array-based comparative genomic hybridization.
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defects (VATER) syndrome [1]. In these cases, the nonisolated
hemivertebra may be associated with chromosomal abnormalities.
The common clinical manifestations in patients with a 7q36
terminal deletion include microcephaly, holoprosencephaly, facial
anomalies, solitary median maxillary central incisor, cardiacanomalies, Currarino syndrome, growth and mental retardation,
and short stature [5,6]. Other phenotypes such as long QT syn-
drome, renal hypoplasia, and acropectoral syndrome have also
been reported in 7q36 deletion [7,8]. The deletion of 7q encom-
passed 68 genes, which were detectable by aCGH. Seven of these
genes (PRKAG2, DPP6, PAXIP1, SHH, LMBR1, HLXB9, and DNAJB6) are
Figure 4. Real-time quantitative PCR validation experiment. SHH △△CT ratios and
standard deviations obtained for the fetus and parents. We consider the father sample
as the control. The fetal sample shows a △△CT ratio of about 0.6, indicating the
presence of a single copy of SHH (deletion), while the father and mother samples show
△△CT ratios of about 1.0, indicating a double copy of the gene (normal).
PCR ¼ polymerase chain reaction; RQ ¼ relative quantiﬁcation.
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tion with disorders. Mutations in PRKAG2 can cause familial hy-
pertrophic cardiomyopathy, glycogen storage disease of the heart,
and WolffeParkinsoneWhite syndrome (PRKAG2, OMIM:
#602743). Mutations in DPP6 can cause ventricular ﬁbrillation
(DPP6, OMIM: #126141). PAXIP1 is associated with susceptibility to
Alzheimer's disease, which is a nervous system disorder occurring
in adults. LMBR1 is expressed in the limb bud. Its mutations lead to
acheiropody, preaxial polydactyly (Type II), syndactyly (Type IV),
triphalangeal thumb (Type I), and triphalangeal thumb-
polysyndactyly syndrome (LMBR1, OMIM: #605522).Table 1
Comparison of the phenotypes of 7q36 deletion.
Phenotype Lee and Choi [17] Lam
Case 1 Case
Corpus callosum agenesis
Pituitary abnormalities
Cerebellar vermis hypoplasia
Mild dilation of ventricle
Microcephaly þ þ
Midface hypoplasia
Solitary median maxillary central incisor þ þ
Bitemporal narrowness þ þ
Hypotelorism þ
Microphthalmia þ
Ptosis
Ophthalmological anomalies þ
Flattened nasal bridge þ
Choanal stenosis þ
Bulbous nose þ þ þ
Arched palate þ þ
Syringomyelia þ
Craniovertebral hinge abnormalities þ
Butterﬂy vertebra þ
Sacral vertebra cleft
Partial agenesis of sacrococcygeal vertebrae
Anterior sacral meningocele
Finger and toe deformities þ
Cardiac abnormalities þ
Scoliosis þ
Talipes þ þ
Hirschsprung disease þ
Genitalia anomalies þ
Intrauterine growth retardation þ
Feeding problems
Failure to thrive/short stature þ þHeterozygous missense mutations of DNAJB6 cause limb-girdle
muscular dystrophy type 1E (DNAJB6, OMIM: #6011332). In this
study, hemivertebrae were the sole symptoms detected in the fetus
by prenatal ultrasound. It did not have any sign of either cardiac
deformities or digit malformations. Considering the genes involved
in the deletion, we cannot completely rule out the roles of other
genes in fetal phenotype at present; however, we believe that the
involvement of two out of the seven aforementioned genes, SHH
and HLXB9, is highly likely.
SHH plays a key role in regulating vertebrate organogenesis,
particularly the patterning of the central nervous system. Although
hemivertebra is a skeletal disorder, SHH is involved in the induction
of the early cartilaginous differentiation of mesenchymal cells in
the limbs and spine [9]. It has been implicated as the key inductive
signal in the patterning of the ventral neural tube, the ante-
rioreposterior limb axis, and the ventral somites [10]. In normal
cartilage development in vivo, SHH plays a critical role in the in-
duction of early chondrogenic differentiation [9]. It is expressed in
and secreted from both the notochord and the ﬂoor plate prior to
the formation of both the nuclei pulposi and the vertebral columns
[11]. This gene is required for the formation of the sheath that
surrounds the notochord and the formation of the vertebral col-
umn, as demonstrated by its temporary removal from both the
notochord and the ﬂoor plate [12]. In rat embryos with an abnor-
mally positioned notochord, the vertebral body fails to develop
properly, resulting in a hemivertebra. Hemivertebrae underlie
other abnormalities, such as angulation of the vertebral column
[13]. Thus, the deletion of SHH likely caused hemivertebra in this
case.
HLXB9 is an important pathogenic gene that has been associated
with Currarino syndrome, which is characterized by congenital
anorectal stenosis, sacral defects, and a presacral mass [14].i et al [5] Horn et al [18] Our case
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and it may be involved in regulating the developmental processes
of vertebral bodies. Alterations in the HLXB9 gene can cause caudal
regression syndrome, which is a rare congenital condition that
presents as a continuum of congenital malformations, ranging from
simple anal atresia and sacral agenesis to the absence of the
lumbosacral spine, hypoplasia or the fusion of the lower extrem-
ities, and visceral anomalies [15]. The role of HLXB9 in embryo-
genesis is unclear. Mice deﬁcient in this gene have recently been
engineered; although the phenotype of heterozygotes is apparently
normal, homozygotes are smaller than their littermates and have
abnormally curved spines without evidence of sacral disturbance
[16]. There are many cases reporting alterations in the HLXB9 gene
in association with sacral agenesis, however, the underlying
mechanisms leading to sacral defects are unclear. Despite reports of
the HLXB9 gene causing sacral instead of thoracic vertebral agen-
esis, both types of vertebrae originate in the interstitial mesoderm
cells that are called somites. We speculate that this gene may be
related to the fetal phenotype in this case.
Cases of several patients with 7q terminal deletion are sum-
marized in Table 1, showing a variety of abnormalities with 7q
deletion. Lee and Choi [17] described a 13-year-old boy with 7q
terminal deletion syndrome with scoliosis. Lami et al [5] reported
four cases with the symptom of holoprosencephaly. Case 1 was
found with nonsense mutation in the SHH gene. Cases 2e4 were
found with the deletion of 7q36/7qter, of which Case 3 showed
lumbar scoliosis. Horn et al [18] also reported four cases with subtle
or submicroscopic 7q36 deletion. Cases 1e3 had a 7q36 deletion,
showing minimal manifestations of the holoprosencephaly spec-
trum. Case 4 had a de novo submicroscopic unbalanced trans-
location of chromosomes 7q and 9p resulting from a monosomy of
distal 7q and a trisomy of distal 9p, which led to minimal mani-
festations of the holoprosencephaly phenotypes as well as the
scoliosis.
As shown in Table 1, common phenotypes of 7q terminal dele-
tion are craniofacial anomalies such as scoliosis, microcephaly,
solitary median maxillary central incisor, bulbous nose, etc. Scoli-
osis is a vertebral column deformity, which is similar to our hem-
ivertebra case. To date, there are few cases reporting 7q36 deletion
malformation accompanied by scoliosis and no report describing
the deletion of 7q36 in association with solitary hemivertebra.
Therefore, we can only speculate that the phenotype of scoliosis
may be associated with the deletion of 7q terminal.
In our case, the fetus was at 22 weeks of gestation, and its
organs had not yet completely developed. Hemivertebrae were
the only abnormalities diagnosed with ultrasound. No other
additional deformities were found, such as lobar hol-
oprosencephaly caused by the loss of the SHH gene, which cannot
reliably be detected by prenatal ultrasound examination, because
the parents chose to terminate the pregnancy and refused au-
topsy. Therefore, it is unknown whether the fetus would develop
other deformities.
There have been a few reports on spinal bone malformations,
especially involving hemivertebrae in the thoracic vertebra. To our
knowledge, this is the ﬁrst case report describing a deletion of 7q
associated with hemivertebrae. Additional similar cases are needed
to verify our ﬁndings, which may provide insight into the under-
lying pathologic processes.Conﬂicts of interest
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